Objectives: The present study was conducted to evaluate the relationship between testicular volume measured by using Ultrasonography and seminogram to determine the testicular function in male infertility in Mysore, Karnataka, India. Materials and methods: A total of 274 infertile and 130 normozoospermic males were recruited for this study from Mysore, India. The testicular volumes of all subjects were measured by ultrasonography. After 3-5 days of ejaculatory abstinence the semen samples were collected in a sterile plastic container by the process of masturbation from the subjects and subjected for physical and microscopic examinations according to WHO criteria. Results: Testicular volume had the strongest positive correlation with sperm count, total count, volume and motility, followed in decreasing order by total sperm count per ejaculate, total motile sperm count per ejaculate, and percentage of motile sperm. Further, a positive correlation was found between testicular volume and semen volume; the latter was under the limit of normal in patients with a testicular volume of less than 16 ml. The majority of the patients with a testicular volume of less than 13 ml were azoospermic, while volumes of less than 18 ml were associated with severe oligozoospermia, oligoasthenozoospermia and oligoasthenoteratozoospermia etc. Conclusion: Testicular volume has a direct correlation with semen profiles, and the critical testicular volume cut off indicating normal testicular 328 Sharath Kumar C. et al.
Introduction
Infertility is a condition which causes intense mental agony and trauma that can only be best described by the infertile couples themselves. WHO [1] [2] places the incidence of infertility between 10 to 15% and reports that approximately 13 to 19 million couples are likely to be infertile in the country at any given time. Male factors play a significant role in about 50% of infertile couple. [2] [3] The causes of male infertility are multifactorial with various reasons hence, their management and treatment depends on the proper diagnosis. The examination of the infertile man comprises medical history and physical examination, including palpation of genital organs followed by genetic, biochemical and immunological factors. An ultrasound examination may be performed but the benefit of such an investigation has not yet been proved due to a lack of controlled studies. Since the seminiferous tubules comprise 70-80% of the testicular mass, testicular volume is likely to reflect spermatogenesis [4] and semen profiles in infertile men. [5] [6] [7] Further, current testicular volume measurement methods involve the use of calipers, orchidometry or ultrasonography. [5] [6] [7] Although orchidometry is a conventional method that has been used for about 40 years, [7] [8] the cut off testicular volume that indicates normal testicular function is not established. There is a lack of sufficient evidence to support the relationships between testicular volume and testicular function. [5] [6] [7] Purohit et al. [2004] showed that many infertile males with normal sized testes, have abnormality in the semen profile. [9] Although they were clinically normal they had azoospermia in semen examination and/or germ cell aplasia in histopathological examination. Hence in the present study, the relationships between testicular volume and spermiogram was evaluated using testicular volume as a marker of testicular function.
Materials and methods
The study was conducted in Mediwave IVF and Fertility Research Hospital, Mysore, Karnataka, India, over a period of 2 years, starting from January 2010 to Jan 2012. Testicular volume was assessed in 404 male participants of infertile couples, aged 20-50 years, and correlated with semen characters as per WHO 2010 Guidelines. Out of these, 274 men were found to have abnormal semen parameters and were considered as infertile subjects. The rest of participants consisting of 130 men qualified to be normal passing all the criteria of semen parameters and there was predominant female factor infertility.
Ethical clearance was approved by the institutional ethical clearance committee of the University of Mysore. An informed written consent letter was obtained from the participants before including them in this study. Infertile males were interviewed to collect information about family history, medical history, reproductive history and lifestyle factors which includes age, the duration of active marriage life, duration of infertility, sexual relationship, frequency of coitus, premature ejaculation, psychological status and libido was noted. The history regarding alcohol consumption, smoking and other substance abuse was also inquired into. Occupational exposure to radiation, heat and pesticides was recorded. Past history of infection like mumps, measles, pneumonia, sexually transmitted diseases (STD), tuberculosis and any surgical procedure were also noted. Secondary sex characters and genital organ examination were done. The systemic examination to exclude anemia, tuberculosis, diabetes mellitus was also carried out. The clinical diagnosis was confirmed by ultrasonography and cases with previous testicular torsion or injury, and other associated diseases were excluded from the study.
Semen collection and preservation
After 3-5 days of ejaculatory abstinence the semen samples were collected in a sterile plastic container by the process of masturbation from the subjects.
[ ] Semen samples were collected in the laboratory room in a clean, dry, biologically inert container. In case of oligospermic or azoospermic patients, three semen samples were collected on alternate day and thorough examination was carried out. The collected samples were allowed to liquefy at 37°C for 30 minutes and analyzed within one hour after collection. Physical examination such as semen volume, liquefaction time, odour, colour, pH and viscosity were recorded after liquefaction. Microscopic examinations were carried out to record the sperm count, total sperm count, motility and morphology of the sperm according to WHO Guideline (2010).
Examination of Testis Volume
Prior to performing a scrotal ultrasound examination counseling was consent is taken. The patient is placed in a supine position with the legs slightly spread apart. The scrotum is placed in a sling designed from a towel to improve exposure and should be supported and immobilized on a rolled towel placed between the patient's thighs. The penis is covered with a towel and the towel is taped to the abdominal wall. Alternatively, one can request the patient to support the penis with his hand in a cephalad direction and a drape can be placed on top. Using cold gel may cause the skin on the scrotum to contract and become thick or may cause the testicles to ascend in the scrotal sac making imaging more difficult. High frequency broadband linear transducer (7.5-10 MHz) that can perform both power and spectral Doppler ultrasonography is used. The scrotum and its contents are scanned in three planes, along the longitudinal, axial and transverse axis. Measurements are taken in these planes. Testicular following volume formula was used: L × W × H × 0.71. Sharath Kumar C. et al.
Statistical analysis
To estimate the levels of different sperm parameters including testicular volume for the groups under study, mean and standard deviation of the same were worked out. To compare the same, independent t-test was performed. Pearson correlation coefficient was worked out to assess the linear relationship of testicular volume with different sperm parameters. Data was entered into the computer using Microsoft Excel and analyzed using SPSS 16.0 version.
Results
The mean age for the infertile and fertile group was 34.9 yrs with a standard deviation (S.D) of 4.82 yrs and 34.6 yrs with S.D of 5.73, respectively. There was no statistically significant difference in the age among the two groups. Among patients, 14 men (3.66 %) failed to give semen (aspermia) even after three attempts using erectile stimulants, vibrators and visual aids. Mean testicular volume in aspermic men was 16.97 ml. Distribution of the participants according to the semen characteristics and mean testicular volume are depicted in tables 1 and 2. Table 3 and figures 1-3 show the relationship between testicular volume and semen volume, sperm count per ml and total sperms per ejaculate. Significant positive correlation is seen between total testicular volume and semen volume (r=0.172, p<0.001) that might be because the testis contributes 5 % of the semen volume. Pearson correlation test was strongly significant between testicular volume and total sperm count (r=0.508, p<0.0001). Highly positive relationship was observed between testicular volume and sperm motility (r=0.476, p<0.0001). Testicular volume was also observed to be significantly lower in men with low semen volume (2.0 ml vs. 22.91 in men with normal semen volume). Both sperm count per ml and total Sperm count were directly related to total testicular volume. 69.9% (267) of men had normal total sperm count per ejaculate (39 million and above) demonstrating the mean testicular volume of 20.63 ml. Mean sperm count per ejaculate was 84.86 millions. Figure 4 shows the normal scanning and a subject with testis hypoplasia in which the testis volume is less than normal.
Discussion
The semen analysis is considered as the most important investigation in the evaluation of an infertile male. The present study of testicular volume in relation to spermiogram in a sizable group of infertile men when compared to healthy fertile individuals once again confirms our insight into the changes of the testicular function in infertile males. This study is, to our knowledge, the first to analyze in detail the relationship between testicular volume, measured by ultrasonography, and spermiogram in large group of young infertile males. Testicular volume was significantly lower not only in infertile individuals but in the elderly compared with the young control group, due to aging process through which the spermatogenesis is compromised. This might reflect the existence of testicular pathology distinct from the normal aging, even though subjects with detectable causes of testicular failure were excluded. It is also possible that these changes represent a range of age-related alterations in testicular function. In the present study, the most common age group affected was 25-35 years comprising around 70 % of the cases similar to findings of Cardona et al. (2009) and 25 % of the patients were below 25 years, whereas Cardona et al. found only 8 % of the patients in this age group. This can be due to early age of marriage in India.
Testicular ultrasonic echo scores were higher in the infertile men compared with the findings previously reported for normal men. Texture score was not correlated with sperm count, which is in accordance with a previous study in a group of men from the general population [6] . If both materials were evaluated as one, texture score was highly correlated with reduced sperm count, substantiating the theory of low score as a parameter for normal testicular function. In the present study, texture score was negatively correlated to ultrasonic testicular volume, i.e. the smaller the testicle, the higher the score. This was also demonstrated in our study on normal men [6] , and also points to score as an indicator of testicular soundness. Score was not correlated to membrane thickness or to the estimated number of Leydig cells. Such a correlation would have offered an easily understood explanation for ultrasonic irregularity due to known reflections and penetrations by ultrasound in tissue. The ultrasonic testicular volume was positively correlated with sperm count, which is in accordance with previous studies on sperm quality and orchidometer measurements of the testes [5] .
Conclusion
Correlation exists between testicular function and testicular ultrasonic volume, testicular quality, expressed in sperm count, is reflected in ultrasonic texture and in reduced testicular volume measured by ultrasound. It is predicted that ultrasound will occupy a major place in clinical evaluation of testicular function in the future. Training and education in sonography in this special field is recommended, which will also allow studies by other investigators to confirm the present results. 
